BACKGROUND: Increased physical activity is often recommended for weight maintenance and loss. OBJECTIVE: To examine how intensity, frequency, and type of recreational physical activity are associated with weight gain attenuation over a 10-y period. PARTICIPANTS: Over 15 000 adults between 53 and 57 y living in western Washington State recruited between 2000 and 2002. MEASUREMENTS: Self-reported measures of physical activity (using a questionnaire), height, and weight. METHODS: We examined associations between physical activity and weight change after age 45 y. All analyses controlled for age at baseline, weight at age 45 y (continuous), diet, education, smoking, and weight change between ages 30 and 45 y, and were stratified by sex and body mass index (BMI) at age 45 y (normal weight, overweight, or obese). RESULTS: Increasing MET-hours and sessions per week of high-, moderate-and low-intensity activities over 10 y were inversely related to weight gain after age 45 y. Generally, associations were stronger for women than for men and for obese compared to normal weight or overweight individuals. Obese women and men who participated in 75-100 min per week of fast walking gained 9 and 5 pound less than nonwalkers, respectively, and lesser amounts in normal weight and overweight women and men. Jogging, aerobics, and fast cycling were associated with weight gain attenuation in most sex and age 45 y BMI groups, while slow walking, swimming, and weight lifting were not. CONCLUSIONS: In this free-living population, long-term, regular physical activity, particularly common activities carried out at a moderate intensity such as walking, prevented some of the weight gain associated with aging.
Background
Obesity is a major public health concern in the US. Obesity increases the risk of developing cardiovascular diseases including hypertension, as well as diabetes and breast cancer, and may exacerbate other chronic conditions such as osteoarthritis, gallstones, dyslipidemia, and musculoskeletal problems. 1, 2 In 2001, an estimated 21% of American adults (more than 44 million) were obese (body mass index (BMI) Z30 kg/m 2 ), a 74% increase since 1991. 3 Understanding factors that promote maintenance of a healthy weight throughout life, and developing programs to prevent obesity could reduce morbidity and premature mortality for millions of Americans. Obesity results from an imbalance between energy intake and expenditure. The main factors that determine energy expenditure are body size, metabolic efficiency, and physical activity. Although energy expenditure at rest accounts for the majority of total energy expenditure, resting energy expenditure does not vary greatly among individuals of similar age and sex. 4 Consequently, differences in energy expenditure between individuals are largely explained by differences in physical activity. However, results from observational studies examining physical activity and weight change have not been consistent. [5] [6] [7] Possible reasons for inconsistent relationships include the following: (1) a low prevalence of high-intensity physical activity in the general population, (2) measurement error in physical activity, (3) inappropriate time-frame of physical activity assessment, (4) effect modification by age, sex, and baseline weight, and (5) failure to adjust for important statistical confounders, such as diet, prior weight change, or smoking. 5 This study examines the associations between physical activity and weight change over 10 y in middle-aged adults, focusing on activity type, intensity, and frequency. Data are from a large study that collected detailed information on weight history, medical history, physical activity over 10 y, and diet. The sample size was sufficiently large to exclude those with serious medical conditions that might lead to weight loss, adjust for potential confounding variables such as diet, and examine associations within strata defined by sex and BMI. Observational studies such as this one are important because they demonstrate what types and amounts of physical activity lead to weight change in a free-living population over an extended period of time, which may be different from those in controlled environments during short trials. 5 Results from this study can help scientists to better understand how long-term physical activity patterns affect weight change and can suggest directions for future research and policy initiatives.
Methods
Participants for this study were drawn from the VITamins And Lifestyle (VITAL) study. Methods for the VITAL study have been described in detail elsewhere. 8 Briefly, 364 418 baseline questionnaires were mailed between October 2000 and December 2002 to men and women aged 50 to 76 y who lived in western Washington State. Of the 79 300 questionnaires that were returned, 77 738 passed eligibility and questionnaire quality control. Participants in this analysis were between 53 and 57 y at baseline (n ¼ 18 995). We evaluated how physical activity after age 45 y was associated with weight change during the same time period. Respondents with a history of diseases that may lead to weight loss (ie, cancer, cirrhosis of the liver, other chronic liver disease, and kidney disease) or poor selfreported health (n ¼ 2308) were excluded. Those with missing or out of range values for height, weight, or BMI (n ¼ 1032, discussed below) or who did not complete the questions on physical activity (n ¼ 155) were also excluded, leaving 15 500 participants for analysis.
Weight, height, BMI, and weight change Participants reported their height to the nearest inch, and their current weight and weight at ages 30 and 45 y to the nearest pound. Outliers for height (o4 ft tall for both men and women and 47 ft tall for women and 48 ft tall for men) and weight (o70 pounds for women and o90 pounds for men and 4500 pounds for both men and women) were omitted (n ¼ 14), as were those with missing values for height or weight (n ¼ 806). BMI was calculated as weight in kilograms divided by height in meters squared. Participants whose BMI at 45 y or current BMI was o18.5 kg/m 2 (classified as underweight) (n ¼ 195) or 455 kg/m 2 (n ¼ 17)
were excluded. BMI was categorized using cutoffs recommended by the National Heart, Lung, and Blood Institute Expert Panel 9 and the World Health Organization Consultation on Obesity (normal weight (18.5-o25.0), overweight (25.0-o30.0), and obese (Z30.0)). 10 Weight change was calculated as the difference between current weight and weight at age 45 y. Depending on age at recruitment, weight change corresponded to an 8-12-y period. All models were adjusted for age because of this variability.
Assessment of physical activity
The physical activity questionnaire has been described in detail elsewhere. 11 Briefly, the questionnaire asked about walking, mild and moderate/strenuous exercise. We also inquired about weight lifting, because we were interested in how this primarily nonaerobic activity might be associated with various outcomes of interest, including weight change.
Respondents were instructed to only report activities carried out regularly, defined as at least once per week for at least 1 y in the previous 10 y. Participants reported the number of years in the last 10 that they did each activity, along with the days per week and the minutes per day. To better estimate exercise intensity, respondents reported usual pace that they walked, and for moderate and strenuous activities, the activities that they did most often from a list of 10.
To calculate average MET-hours per week for all activities over the past 10 y, we assigned an intensity code (MET) 12 to each activity, and multiplied this number by the average frequency per week, minutes per session (divided by 60 to get hours), and years in the last 10 (divided by 10), and summed across all activities. In addition, we calculated MET-hours per week of high-intensity activities (ie, activities with a MET of Z6), moderate-(activities with METZ4-o6), and low-intensity activities (activities with METo4). 13 To calculate average frequency per week, we multiplied the times per week for each activity by the number of years in the last 10, divided by 10.
Diet and other risk factor assessment Diet was assessed by a 120-item food frequency questionnaire (FFQ) that was developed for the VITAL study and the Selenium and Vitamin E Cancer Prevention Trial. 14 This FFQ is based on the FFQ developed for the Women's Health Initiative, 15 with updates to assess new and fortified foods and formatting changes to improve legibility and ease of response. Participants were excluded from the nutrient calculations if they did not complete all pages of the food frequency section (at least five items per page) or their energy intake was considered improbable (o800 kcal for men or o600 kcal for women; 45000 kcal for men and 44000 kcal for women) (n ¼ 935).
Statistical analyses
Linear regression was used to model associations of various physical activity measures (such as total MET-hours or Physical activity and 10-y weight change AJ Littman et al MET-hours of high-intensity activities) and 10-y weight change, adjusting for confounding variables. All models were adjusted for baseline age, weight at age 45 y, change in weight from age 30 to 45 y, education, smoking, and energy from all macronutrients (carbohydrates, protein, fat, and alcohol). We calculated adjusted mean weight change by setting the confounders to the mean levels within each stratum. All analyses were stratified by sex and BMI at age 45 y, because weight change and its determinants may differ by these factors. 5 Results for activities that were reported by fewer than 20 individuals in a stratum at a moderate frequency and duration (defined as Z5 MET-hours per week) are not reported due to instability of resulting estimates. We also computed weight change as percent change in body weight, categorized into three groups: 45% weight loss, weight maintenance within 5%, and 45% weight gain. We chose 5% because this is considered a clinically significant change, particularly in terms of weight loss. 6 Multinomial (polytomous) logistic regression was used to model associations between physical activity and weight maintenance and loss compared to weight gain. Table 1 gives mean weight change of participants stratified by demographic, dietary and other health-related characteristics. Mean weight gain was 14 pounds for women and 11 pounds for men, and was greatest among those who were overweight at age 45 y, and smallest among those who were obese at age 45 y. Weight gain was greater among those who were older when they completed the baseline questionnaire, corresponding to a longer period of observation. Weight gain decreased with increasing years of education, and was lower among Asians and White individuals compared to other race/ethnic groups. Former smokers who had quit within the time frame of interest (after age 45 y) gained more weight than those who had quit earlier, never smokers, or current smokers. Weight gain increased with increasing energy intake. Figure 1 shows weight change by sex and BMI at age 45 y. Median weight change was greater among overweight and obese women, but did not differ across BMI categories in men. Variability in weight change was greatest among obese individuals; the interquartile ranges (25th, 75th percentiles) increased with increasing BMI (among normal weight women: 4, 20; overweight women: 5, 30; obese women: À13, 30, with a similar pattern in men). Table 2 gives the adjusted mean weight changes associated with physical activity measures. Among women in all age 45 y BMI groups, weight gain decreased with increasing physical activity, defined either by MET-hours per week or frequency of sessions per week. Compared to those reporting no physical activity, the highest levels were associated with a 44% (7.6 pound), 59% (13.9 pound), and 87% (12.3 pound) decrease in weight gain among women who were normal weight, overweight, and obese at age 45 y, respectively. Among men, while weight gain generally decreased with increasing MET-hours per week and frequency of sessions per week, these trends were not monotonic. In normal weight and overweight men, weight gain was highest among those reporting low levels (but not no) physical activity. Compared to those reporting no physical activity, the highest levels were associated with a 25% (2.9 pound), 37% (5.3 pound), and 73% (10.4 pound) decrease in weight gain among men who were normal weight, overweight, and obese at age 45 y, respectively.
Results
Coefficients in the first two rows of Table 3 give the linear relationships of each 5 MET-hours of physical activity and exercise episodes per week with weight change. These coefficients correspond to weight change values presented for categories of MET-hours and exercise frequency in Table 2 . Details on the proportion of individuals who reported doing various types of physical activities, and the median METhours and exercise sessions per week among those who were active are presented in the Appendix. The weight gain attenuation over 10 years per 5 MET-hours per week was greater among women (range of 0.9-2.5 pounds) than men (range of 0.4-1.2 pounds), and among overweight or obese individuals (range of 0.7-2.5 pounds) compared to normal weight individuals (range of 0.4-0.9 pounds). Results were similar for each weekly episode of activity.
The ensuing analyses in Table 3 examine the independent contributions of high-, moderate-, and low-intensity activities, expressed as either MET-hours per week or exercise sessions per week. The coefficients from these models are interpreted as the effect of increasing each level of physical activity, while holding other levels constant. Addition of high-(non-obese women and men), moderate-(women and overweight and obese men) and low-intensity MET-hours per week (women only) was associated with less weight gain. Patterns for sessions per week of all types of activity were generally similar. In normal weight men, neither moderatenor low-intensity activities (measured in either way) were statistically significantly associated with less weight gain.
As walking is the most commonly practiced activity in this age group, the questionnaire collected detailed information on walking, including usual pace, times per week, minutes per session, and years in the last 10. Moderate and fast walking were associated with less weight gain, except in normal weight men. Slow walking was not statistically significantly associated with weight change in any groups.
Associations of other specific activities with weight gain were mixed. Jogging/running (all groups except obese men), aerobics class or video (women only), and fast cycling (nonobese men only) were associated with weight gain attenuation. In general, weight gain attenuation for 5 METhours per week of these activities (range of 0.4 to 3.9 pounds) was less than the weight gain attenuation associated with fast walking (range of 1.9 to 9.7 pounds). Swimming, slow cycling, and weight lifting were not statistically significantly associated with weight change in any groups.
Physical activity and 10-y weight change AJ Littman et al Table 4 gives the associations of physical activity with odds of weight loss (5% or more) or maintenance (within 5%) compared to weight gain. For men and women in all age 45 y BMI categories except perhaps normal weight men, the odds of weight loss compared to gain increased with higher levels of physical activity. The odds of losing rather than gaining weight were 3.5, 7.4, and 3.1 times greater among those who were most active compared to those who were inactive among normal weight, overweight, and obese women, respectively. Highly active normal weight and overweight women were about 2 times more likely to maintain than gain weight, compared to inactive women, while physical activity Physical activity and 10-y weight change AJ Littman et al was not associated with weight maintenance among obese women. Corresponding odds ratios for weight loss compared to gain for men were 1.5, 2.4, and 2.3 for the most active normal weight, overweight and obese men, respectively, compared to those who were inactive. Associations of physical activity with weight maintenance among men were generally weaker. Highly active men were between 40 and 99% more likely to maintain than gain weight, compared to inactive men. As seen with women, physical activity was less strongly associated with weight maintenance than weight loss.
Discussion
In this large cohort of women and men aged 53 to 57 y, physical activity over 10 y was inversely related to weight gain after age 45 y. The association between intensity of activities and weight change varied somewhat by sex and Adjusted for age at baseline, weight at age 45 y (continuous), education, energy intake (separately from fat, protein, carbohydrates, and alcohol), smoking (never; current; former smoker, quit Z10 y before baseline; former smoker, quit o10 y before baseline), and weight change between ages 30 and 45 y.
Physical activity and 10-y weight change AJ Littman et al BMI at age 45 y. High-intensity activities were associated with less weight gain in all groups except obese women. Moderate-intensity activities were associated with less weight gain in women and all but normal weight men; low-intensity activities were associated with less weight gain only in women. We observed similar associations regardless of whether physical activity was measured by MET-hours per week or by sessions per week. The number of years an activity was performed seemed to be a bigger correlate of weight change than frequency per week (data not shown). The most commonly performed activities (moderate and fast walking) were also the activities most strongly associated with attenuated weight gain. Jogging/running, aerobics class or video, and fast cycling were associated with weight gain attenuation in most sex and BMI groups, while slow walking, slow cycling or stair machine, swimming, and weight lifting were not. Associations were generally stronger for women than for men and for obese individuals than for normal weight or overweight individuals. In particular, physical activity was only weakly associated with weight change in normal weight men. Furthermore, low or inconsistent levels of activity over the 10-y period among normal weight and overweight men were not associated with less weight gain. When we classified weight change into three categories (maintenance within 5%, loss, or gain), physical activity was associated both with an increased likelihood of weight loss and maintenance compared to gain, but the associations were stronger for weight loss than for weight maintenance. wk, week. a All models are adjusted for age at baseline, weight at age 45 y (continuous), education, energy intake (separately from fat, protein, carbohydrates, and alcohol), smoking (never; current; former smoker, quit Z10 y before baseline; former smoker, quit o10 y before baseline), and weight change between ages 30 and 45 y.
b Adjusted for MET-hours from activities other than the one specified. Physical activity and 10-y weight change AJ Littman et al
Results from this study are generally consistent with a number of previous studies that assessed associations between physical activity and weight change over 10 y or more. As reviewed by others, 5, 6, 16, 17 usual or current activity at follow-up was inversely associated with weight gain over the previous 10 y when participants were classified according to their physical activity at baseline. A particular strength of our study is the fact that we assessed intensity, frequency, type, and duration of physical activity during a 10-y period using a validated questionnaire. 11 Since the questionnaire assessed activity during the entire time period of interest, it should better measure activity than questionnaires assessing current or 'usual' activity. Other strengths of this study include its large size and collection of information on diet, previous weight change, and health history. This information allowed us to examine associations between physical activity and weight change, independent of diet, smoking, or prior weight change. Finally, we were able to exclude individuals with cancer and other serious illnesses, which might lead to weight loss.
The main limitations of this study include possible errors in measurement of our outcome (weight and weight change) and our exposure (physical activity). We relied on self-report for current height and weight, as well as weight at age 45 y. Self-report of weight has been found to be valid, but people tend to under-report their current and previous weight, and obese individuals may under-report their weight more than lean individuals. [18] [19] [20] [21] A general trend of weight underreporting would not introduce bias unless recall or reporting also differed by physical activity measures. Furthermore, as our primary concern was weight differences on a relative basis, if we assume people under-reported their earlier weight and current weight to a similar extent, this would not introduce bias. We analyzed the data separately by age 45 y BMI categories and adjusted for BMI at age 45 y as a continuous variable in regression analyses. Thus, comparisons were limited to those with similar body mass indices at age 45 y, so this bias should be reduced. Another potential source of error is that weight alone may not reveal changes in body composition resulting from changes in physical activity, and we did not measure body fat or lean muscle mass. Physical activity is a complicated exposure to measure. Thus, although our questionnaire had good intermethod reliability (the age-and sex-adjusted correlation of average MET-hours per week from all activities between the one-page questionnaire and comparison interview was 0.65 for men and 0.71 for women), 11, 22 errors in measurement are possible. Possible sources of errors include self-report, assessment of 10-y of activity at a single time, and inclusion of only recreational activities. Accuracy of report may differ by sex or BMI, which may explain differences in subgroup findings. However, mis-reporting of activity independent of weight change would tend to attenuate any associations. Second, because we asked about how many years individuals did certain activities, but not when, we cannot determine whether people exercised, stopped, and subsequently gained weight, or if they gained weight and then began exercising. All models are adjusted for age at baseline, weight at age 45 y (continuous), education, energy intake (separately from fat, protein, carbohydrates, and alcohol), smoking (never; current; former smoker, quit Z10 y before baseline; former smoker, quit o10 y before baseline), and weight change between ages 30 and 45 y.
Physical activity and 10-y weight change AJ Littman et al However, we were able to evaluate long-term patterns and assess whether more physical activity during the time period of interest, whenever that activity occurred, was associated with less weight gain. Lastly, our questionnaire did not include occupational or other nonrecreational physical activity. Misclassification due to this omission should be minimal assuming that participants in this study were highly educated and likely to be employed in sedentary jobs. We controlled for years of education in all analyses, which should further reduce this potential bias. In the current study, physical activity appeared to be more strongly associated with weight change in women than in men. Studies contrasting effects of physical activity on weight or weight change in men and women are inconsistent. 16, 17, 23 The relationship is often stronger for women when physical activity is assessed by self-report, [24] [25] [26] [27] whereas the relationship is similar or stronger in men when an objective measure like doubly labeled water is used. 28, 29 Observed differences in this association may be causal (ie, physiologic) or noncausal (ie, due to gender differences in the accuracy of recall or reporting 26, 30 ). Men may be more likely to do activities of higher intensities, 2,16 which may have different effects on body composition and weight change. One study found that higher levels of physical activity were associated with a reduction in body fat in men and women, and an increase in fat free mass in women only. 31 Since only women gained fat-free mass with physical activity, the association between physical activity and weight change was weaker in women than in men. Another reason that associations may not be observed in women is because their activity levels may be too low to prevent weight gain associated with aging. 16 A stronger association of physical activity with body weight or weight change has been observed among overweight and obese individuals compared to normal weight individuals in other longitudinal observational studies. 25, 32 As the energy cost of exercise is largely dependent on body weight, heavier individuals will burn more calories for the same unit of activity (eg, walking a mile) than leaner individuals. 33 Thus, for equal weight loss over time, individuals with lower initial weights need to exercise more than individuals with higher body weights. We were surprised that not all activities were associated with weight gain attenuation in our study. Although weight lifting has garnered a lot of attention in the lay press for its potential fat-burning effects, several clinical trials have also not observed greater weight loss in groups randomized to a weight training regimen vs those randomized to aerobic exercise. 17, 34 Similarly, in a clinical trial of obese women, percent losses of initial weight in groups randomized to walking and stationary biking were 12 and 10%, respectively, while women randomized to swimming lost no weight. 35 In summary, this study investigated the effects of intensity, type, frequency, and duration of physical activity on weight change over 10 y. Although no groups were successful at maintaining or losing weight, these data indicate that activities such as walking, aerobics or running performed on a regular basis, consistently over a long period, result in a significant relative reduction in weight gain in middle-aged adults. Physical activity and 10-y weight change AJ Littman et al Physical activity and 10-y weight change AJ Littman et al
